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PREFACE 


The  phenomenal  growth  of  science  and  technology  since  the  early  forties  has  brought  abeat  a  universal 
appreciation  of  the  fact  that  present  limitations  in  many  technical  developments  are  often  a  direct  result  of 
the  paucity  of  knowledge  on  the  properties  of  materials.  Engineering  developments  in  the  years  ahead  will 
be  closely  linked  to  the  research  that  is  done  today  to  contribute  to  a  better  understanding  of  the  properties 
of  matter,  of  which  thermophysical  properties  constitute  a  major  segment. 

With  a  realization  of  the  seriousness  of  this  situation,  a  great  deal  of  research  effort  has  been  made  in 
recent  years  on  the  thermophysical  properties  of  materials  with  the  result  that  the  volume  of  research  litera¬ 
ture  has  increased  many  fold.  In  spite  of  this  fact,  it  is  generally  agreed  that  ihe  present  level  of  research  on 
thermophysical  properties  still  falls  substantially  short  of  existing  needs  and  anticipated  future  demands. 
However,  what  is  even  more  disturbing  is  the  fact  that  engineering  groups  across  the  nation  are  using  no 
more  than  a  fraction  of  the  information  already  available,  either  because  it  is  in  a  form  not  directly  useful 
to  them  or,  often,  because  its  existence  is  not  generally  known. 

To  pariizlly  remedy  this  situation  concerning  the  thermophysical  properties  cf  high  temperature  ma¬ 
terials,  the  Materials  Laboratory  of  the  U.S.  Air  Force  at  Wrighi-Patterson  Air  Force  Base  sponsored  a 
project  in  195?  to  bring  together  a  large  portion  of  the  then  available  data  in  a  single  work  for  easy  refer¬ 
ence.  From  this  compilation,  performed  by  the  Armour  Research  Foundation,  a  four-volum-;  work  en¬ 
titled  Handbook  of  Thermophysical  Properties  of  Solid  Materials  emerged.  It  was  first  published  in  i960  as 
V/ADC  TR58-476;  in  1961  it  was  issued  as  a  hard-bound  set  by  The  Macmillan  Company. 

5  :cause  of  the  favorable  reception  given  to  this  original  work,  the  Materials  Laboratory  of  the  U.S. 
Air  Force  requested  the  Thermophysical  Properties  Research  Center  (TPRQ,  in  1964,  to  upr-ate  ind  revise 
this  reference  work  in  order  to  increase  its  usefulness  and  to  put  it  on  a  more  current  basis.  The  present  six- 
volume  work,  entitled  Tl.emiophysical  Properties  of  Il-gh  Temperature  Solid  Materials .  consists  of  nine 
books  totaling  more  than  $,5G0  pages.  It  is  the  tesult  of  a  two-year  project  by  TPRC.  This  new  encyclo¬ 
pedic  reference  work  cannot  be  called  a  revised  edition  of  the  earlier  publication  since  nearly  every  page 
has  been  changed  through  major  additions,  corrections,  and  re-evaluation.  An  effort  was  made  to  ad¬ 
here  to  the  basic  format  of  the  eariier  work.  However,  the  organization  of  the  material  and  the  index  to 
materials  have  been  completely  redesigned  for  greater  ease  in  locating  the  information  desired. 

Inevitably,  not  all  of  the  properties  covered  have  received  the  same  degree  of  attention.  The  material 
on  thermal  radiative  properties,  thermal  diffusivitv,  and  specific  beat  has  been  totally  revised  and  rewritten. 
Materials  on  the  coefficient  of  thermal  expansion  and  thermal  conductivity  have  received  major  revisions, 
and  those  on  electrical  resistivity,  density,  and  melting  point  have  had  moderate  revisions.  Finally,  lesser 
revisions  were  made  to  data  concerning  vapor  pressure  and  heats  of  transformation.  The  new  information 
incorporated  into  the  work  covered  research  conducted  primarily  during  the  years  1957  to  1964,  although 
some  major  references  are  included  from  1965  and  some  from  as  far  back  as  1910. 

In  processing  the  large  amount  of  new  and  old  data  incorporated  in  these  volumes,  it  was  necessary 
that  some  degree  of  selectivity  be  exercised  both  from  the  standpoint  of  the  references  cited  and  the  data 
extracted  from  them.  It  is  hoped,  however,  that  no  major  source  of  infonnation  has  been  omitted.  Whenever 
possible,  an  effort  was  made  to  suggest  recommended  values  of  the  properties.  In  the  plots,  recommended 
values  are  indicated  by  curves.  It  should  be  clear,  however,  that  the  designation  of  "recommended  values" 
in  no  way  implies  that  a  critical  analysis  has  been  performed  in  all  cases,  nor  does  it  suggest  that  they  repre- 

v 


sen!  definitive  values.  Because  most  of  the  materials  covered  are  not  well-defined  engineering  materials, 
and  because  there  is  often  a  great  paucity  of  information,  t  ay  critical  evaluation  of  these  data  is  most  diffi¬ 
cult — if  not  impossible. 

With  a  full  appreciation  of  these  inherent  difficulties  it  is  nevertheless  hoped  that  the  preseni  compendia 
will  prove  to  be  of  great  usefulness  to  engineers  seeking  information  on  thennophysical  properties.  In  spite 
-  of  the  extreme  care  exercised  in  processing  the  data  and  proofing  the  manuscript,  it  is  possible  that  some 
errors  might  have  been  inadvertently  overlooked.  Should  any  instance  of  such  oversight  fee  uncovered,  the 
Sditor  would  be  most  indebted  if  it  is  brought  to  his  attention. 

The  fact  that  such  an  enormous  undertaking  could  he  accomplished  in  such  a  short  time  is  attributable 
primarily  to  TPRC's  unique  resources  in  the  area  of  thennophysical  properties  information.  Grateful 
acknowledgment  Is  made  to  the  Electronic  Properties  Information  Center  for  assistance  in  providing  biblio¬ 
graphic  searches  on  electrical  resistivity  and  to  the  Air  Force  Materials  Laboratory  for  general  assistance  in 
bibliographic  information.  Extensive  personal  inquiries  were  made  to  the  authors  of  research  papers  and 
reports  requesting  clarification  and  original  data.  The  enthusiastic  response  to  these  inquiries  (in  the  majority 
of  Ihe  cases)  is  also  gratefully  acknow  ledged.  The  Editor  and  the  contributing  staff  wish  to  give  a  special 
note  of  thanks  in  acknowledging  the  valuable  assistance  and  cooperation  they  received  individually  and 
collectively  from  TPRCs  Scientific  Documentation  Division  personnel  and  the  supporting  staff  of  graphics 
and  technical  typists  without  whose  painstaking  and  skillful  contributions  this  work  would  not  have  hast 
possible. 

This  work  was  performed  under  Contract  No.  AF33(61 5)1642,  sponsored  by  the  Air  Force  Materials 
Laboratory,  Research  and  Technology  Division,  Air  Force  Systems  Command,  Wright-Pauerson  Air  Force 
Base,  Ohio.  The  personnel  jjircctly  affiliated  with  this  program  were  Mr.  D.  A.  Shinn,  Chief,  Materials  In¬ 
formation  Branch;  Mr.  E.  Dugger,  Technical  Manager,  Information  Processing;  and  Mr.  J.  H.  Cliarlesworth, 
engineer  in  charge  or  this  project-  Their  understanding  cooperation  has  contributed  much  to  the  success  of 
the  program. 

It  is  sincerely  hoped  that  Thermophysical  Properties  of  High  Temperature  Solid  Materials  wfl  constitute 
an  even  more  valuable  contribution  to  technology  than  :ts  predecessor.  This  work  should  prove  to  fce  an 
invaluable  source  of  infotmation  on  an  important  group  if  properties  of  materials  to  every  engineer,  pro¬ 
viding  him  with  reliable  information  of  a  scope  that  wornd  be  impossible  for  any  one  individual  to  master. 
If  we  have  been  able  tc  approach  these  goals,  the  results  will  be  highly  gratifying. 

June  1966  Y.  S.  Touloukian,  Director 

Thennophysical  Properties  Research  Center 
Purdue  University 
2595  Yeager  Road 
I  Vest  Lafayette ,  Indiana  47906 
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II.  TPRC  CLASSIFICATION  OF  MATERIALS 

Materials  are  classified  into  the  eight  categories  listed  below.  Whenever  applicable,  the  compositions 
are  reported  in  weight  percent  of  the  constituents.  For  purposes  of  material  classification  TPRC  considers 
the  following  elements  as  ronmetallic:  H,  He,  C,  N,  O,  F,  Ne,  P,  S,  Cl,  A,  Br,  Kr,  I,  Xe,  At,  and  Rn. 

1.  Elements'.  For  the  purpose  of  classification  an  element  is  specified  as  follows: 

A.  For  metallic  elements,  the  limit  of  impurities  is  <0.20  percent  for  each  foreign  constituent  and 
<0.50  percent  total  impurities. 

B.  For  nonmetallic  elements  (i.e.,  carbon  including  graphite  and  diamond),  the  limit  of  impurities 
is  <2.0  percent  for  each  foreign  constituent  and  <5.0  percent  total  impurities. 

2.  Nonferrous  Alloys:  This  category  is  for  alloys  in  which  the  major  constituent  is  other  than  iron.  For 
the  purpose  of  classification,  nonferrous  alloys  are  specified  as  follows: 

A.  Nonferrous  Binary  Alloys:  The  sum  of  the  binary  constituents  is  >99.50  percent  and  other  con¬ 
stituents  <0.20  percent  each. 

B.  Nonferrous  Multiple  Alloys:  T_ j  sum  of  the  first  two  constituents  is  <99.50  percent  and/or 
any  other  constituent  >0.20  percent.  Alternatively,  the  major  constituent  is  <99.50  percent  and 
each  of  the  other  constituents  <0.20  percent  (or  not  given). 

3.  Ferrous  Alloys:  This  category  is  for  alloys  in  which  iron  is  greater  than  or  equal  to  any  other  con¬ 
stituent.  For  the  purpose  of  classification,  ferrous  alloys  are  specified  as  follows: 

A.  Carbon  Steels:  Carbon  <2.0  percent  and  carbon  >  any  other  alloying  constituent. 

a.  Group  I:  Every  other  alloying  constituent  is  <0.20  percent  except  for  Mn,  P,  S,  Si,  which 
may  be  <0.60  percent  each. 

b.  Group  II:  At  least  one  other  alloying  constituent  >0.20  percent  and/or  any  of  Mn,  P,  S, 
Si  >0.60  rtect. 

B.  Cast  Irons:  Carbon  >2.0  percent  and  carbon  >  any  other  alloying  constituent. 

a.  Group  I:  Every  other  alloying  constituent  <0.20  percent  except  for  Mn,  P,  S,  Si,  which  may 
be  <0.60  percent  each. 

b.  Group  II:  At  hast  one  other  alloying  constituent  >0.20  percent  and/or  any  of  Mn,  P,  S, 
Si  >0.60  percent. 

C.  Alloy  Steels  (including  alloy  cast  iron):  The  major  alloying  constituent  is  other  than  car/ron. 

a.  Group  I:  Every  other  alloying  constituent  <0.20  percent  except  for  Mn,  P,  S,  Si,  which  may 
be  <0.60  percent  each,  and  C  <2.0  percent.* 

b.  Group  II:  At  least  one  other  alloying  constituent  >0.20  percent  and/or  any  of  Mn,  P,  S, 
Si  >0.60  percent.* 

4.  Nonmetallic  Compounds  and  Their  Mixtures  '«d  Solutions:  Ceramic  materials  suck  us  oxides,  bro¬ 
mides,  carbides,  carbonates,  nitrides,  silicates,  etc.,  are  included  in  this  category.  For  the  purpose  of 
classification,  they  are  specified  as  follows: 

A.  For  simple  compounds  and  their  solutions,  the  limit  of  impurities  is  <2.0  percent  for  each 
foreign  constituent  and  <5.0  percent  total  impurities. 


•  Exception  is  made  when  Mn,  P,  S,  or  Si  is  the  major  alloying  constituent  For  instance,  in  the  case  of  Fe  -r  Mn  4-  35XS  alloys 
the  spedfic'rions  corresponding  to  Groups  I  and  It  would  be  as  follows: 

a.  Group  I:  Every  other  alloying  constituent  <0.20  percent  except  for  P,  S,  Si,  which  may  be  <0.60  percent  each,  a  id 
C  <2.0  percent 

b.  Group  II:  At  least  one  other  alloying  constituent  >0.20  percent  and/  any  of  P,  S,  Si  >0.60  percent 

In  the  above  ::xamp!c,  Mn  has  a  higher  weight  percentage  than  any  of  P,  S,  or  Si  but  does  not  necessarily  have  *  weight  per¬ 
centage  higher  wan  0.60  percent  Thus,  the  limits  of  Mn  percentage  may  be  written: 

Fe  >  Mn  >  P,  S,  Si  and  any  other  alloying  constituent  and  Mn  >0.20. 

The  same  guideline  is  applied  to  ferrous  alloys  containing  P,  S,  or  Si  as  major  alloying  constituents. 


B.  For  mixtures  of  simple  compounds  and  their  solutions,  the  major  constituent  is  <95.0  percent, 
or  any  other  constituent  is  >  2.0  percent. 

5.  Intemetnllics :  An  intermetallis  is  a  metal-metal  compound  formed  by  metallic  elements  in  a  fixed 
simpie  atomic  ratio.  For  the  purpose  of  classification,  specifications  are  the  same  as  those  for  Class  4. 

6.  Cermets :  Cermets  are  ceramic  materials  such  as  carbides,  oxides,  etc.,  fused  with  or  bonded  by  one 
or  more  pure  metals.  However,  there  are  also  metal-metal  cermets,  metal-intermetallic  cermets,  etc., 
which  are  also  included  in  this  category. 

7.  Polymers'.  Polymers  are  chemical  compounds  or  mixtures  of  compounds  formed  by  polymerization 
and  consisting  essentially  of  repeating  molecular  structural  units. 

8.  Composite  Systems :  A  composite  system  may  consist  of  materials  in  combination,  with  clearly  de¬ 
fined  boundaries  existing  between  components  of  the  system,  or  a  homogeneous  material  having  a 
distinct  configuration. 

For  the  reader's  convenience,  the  classification  scheme  for  Classes  1  through  4.  described  above,  is 
summarized  in  the  following  table. 


SUMMARY  TABLE  OF  TPRC  CLASSIFICATION'  OF  MATERLALS 


Classification 


Limits  of  Composition  (weight  percent) 


1.  ELEMENTS 


A.  METALLIC 


2.  NONFERROUS 

ALLOYS  — 1 
(X.  >Fe) 


>99. 50 


Xt  +  X, 


3.  FERROUS 
ALLOYS 
(X^FeiXj) 


4.  NONMETALUC  COMPOUNDS  AND  THEIR  MIXTURES  AND  SOLUTIONS 


A.  SIMPLE  COMPOUNDS  AND  THEIR 
SOLUTIONS 

B.  MIXTURES  OF  SIMPLE  COMPOUNDS 
AND  THEIR  SOLUTIONS 


NOMENCLATURE: 

Xj  =  Major  Constituent 

Xj  =  Second  Highest  Constituent 

Xj  =  Third  Highest  Constituent 

Where:  Xt  aX;  >X3  >X,  a 


Xj 

<0. 20 


NONMETAI 

>uc  - 

>95.0 

— 

<2.0 

BINARY 

ALLOYS 

““ 

>  99. 50 

>0.20 

— 

>99.50 

>0.20 

MULTIPLE 

-- 

<99.50 

>0.20 

ALLOYS 

— 

<99.50 

>0. 20 

-  09.50 

— 

<0. 20 

x, 

sf 

Xj 

r GROUP  I - 

■  Fe 

C  <2.0 

<0. 20 

CARBON 

STEELS  ~ 

r  Fc 

C  <2.0 

<0.20 

i-  GROUP  H - 

Fe 

C  <2.0 

>0. 20 

■  Fe 

C  <2.0 

>0.20 

r  GROUP  I  -  Fe 

C  >2.0 

<0.20 

CAST 

IRONS 

r  Fe 

C  >2. 0 

<0.20 

■  GROUP n - 

Fe 

C  >2.0 

>0.20 

-  Fe 

02.0 

>0.20 

-GROUP I  - 

-  Fe 

5*0 

<0. 20  and 

C  <2.0 

ALLOYS  — 

STEELS 

-  Fe 

¥c 

<0. 20 

-GROUP  n - 

Fe 

¥  C 

>0. 20 

-  Fe 

¥  c 

>0. 20 

x, 

Xj 

-  >95.0 

<2.0 

-  <95.0 

<2,0 

>95,0 

>2.0 

-  <95.0 

>2.0 

Xj 

<0.20 

<2.0 

<0. 20 
>0. 20 
<0.20 
>0. 20 
<0.20 

Mn, 
Sor 

<0,60 

>0.60 
<0. 60 
>0.60 

<0. 60 

>0.  60 
<0.66 
>0.60 

<0.60 

>0.60 

<0.60 

>0.60 


''in  case  Mn,  P,  S,  or  Si  represents  X,  this  particular  element  is  dropped  from  the  last  column. 
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III.  PRESENTATION  OF  DATA 


Each  of  the  six  volumes  consists  of  seven  sections  arranged  in  the  following  order: 

1.  Preface 

2.  Table  of  Contents 

3.  Explanatory  Text 

4.  Conversion  Factors 

5.  Body  of  Data 

6.  References 

?,  Material  Index. 

In  the  following  paragraphs  a  detailed  description  of  Sections  5,  6,  and  7  is  given.  The  contents  of  the  first 
four  sections  are  self-explanatory- 

BODY  OF  DATA 

Data  on  each  material  are  presented  in  graphical  or  tabular  form  for  selected  sets  of  measurements, 
and  are  accompanied  by  a  Reference  Information  Table  with  corresponding  specifications  end  remarks. 
The  first  five  properties  listed  in  Section  I  of  this  Explanatory  Text  are  considered  as  point  vahas  and  are 
grouped  together  in  a  single  table  in  the  same  manner  as  the  graphs  for  the  other  remaining  properties. 
Furthermore,  for  a  given  material  group,  where  several  properties  are  reported,  data  aie  arranged  in  ac¬ 
cordance  with  the  order  of  the  property  list  given  in  Section  I  of  this  text. 

Graphic  Presentation 

Data  extracted  from  various  references  on  a  given  material  and  property  are  shown  on  a  single 
graph  by  means  of  distinct  plowing  symbols,  which  are  identified  in  the  Reference  Information  Table 
on  the  page  following  the  grapu.  Each  set  of  symbols  indicates  the  data  of  a  given  investigator,  but 
does  not  necessarily  imply  actual  measured  points.  In  numerous  instances  authors  present  only  smoothed 
values,  either  in  graphical  or  tabular  form,  and  it  is  frequently  impossible  to  distinguish  interpolated  or 
smoothed  values  from  actual  observed  data. 

In  reporting  data  on  thermal  linear  expansion,  investigators  sometimes  give  a  single  average  value 
of  this  property  for  a  considerable  temperature  range.  In  such  instances  it  is  assumed  that  a  linear  re¬ 
lationship  is  implied.  All  data  on  thermal  linear  expansion  were  reduced  to  a  datum  of  293°K  (2 0°C); 
i.e.,  (AL/L)  =  0  at  293°K  (20°C).  This  point  is  identified  by  a  cross  (4-)  on  each  graph. 

The  definition  of  (AL/L)  used  in  this  work  is 


(aL/L)  = 


Lt  —  L293 


X  100 


where  LT  =  length  of  specimen  at  temperature  T, 

L293  =  length  of  specimen  at  293°K  (20'Q. 

To  compute  the  "coefficient”  of  thermal  linear  expansion  j3  from  293SK  to  any  temperature  T,  the 
following  relation  may  be  used.* 

o _  1  AL 

p  —  ■"  *  in  Jv 

ICO  (T- 293)  L 


It  is  necessary  to  divide  the  right-hand  side  of  this  equation  by  100  because  the  graphical  presentation  of  (AL/L)  is  in  percent 
expansion  from  293*K- 


In  some  ins  tances  the  coefficient  of  thermal  linear  expansion  is  reported  in  tabular  form. 

Curves  drawn  through  the  plotted  points  are  the  "moi*  probable"  curves  based  on  the  data  shown. 
As  additional  information  becomes  available  in  the  future,  these  recommendations  may  well  be  modified. 

Point  Value  Table 

Data  extracted  from  various  references  are  identified  by  distinct  symbols  in  the  same  manner  as 
data  points  on  a  graph.  "Most  probable"  values  are  given  either  ai  the  top  of  the  table  r  are  indicated 
in  a  footnote.  These  selections  are  usually  made  solely  on  the  basis  of  the  doa  presented.  Sometimes 
these  point  values  are  also  reported  as  a  function  of  temperature  or  composition,  in  which  case  they 
are  shown  in  graphical  form  and  placed  immediately  following  the  tabular  values. 

Reference  Information  Table 

A  tabic  giving  the  reference  information  associated  with  each  set  of  data  obtained  in  the  graph  im¬ 
mediately  follows  the  graph.  The  table  contains  the  following  information: 

1.  Symbol  The  plotting  symbols  are  identical  with  and  correspond  to  those  used  in  the  graph. 

2.  Reference.  References  are  identified  by  hyphenated  numbers  which  serve  to  locate  the  biblio¬ 
graphic  citation  in  the  section  of  References  at  the  end  of  each  volume.  The  initial  two  digits 
indicate  the  year  of  publication  and  the  last  digits  identify  the  specific  reference  within  the  given 
year.  In  those  instances  where  a  reference  does  not  carry  a  date,  the  letter  symbol  ND  is  used  in 
place  of  the  year  of  publication.  Undated  references  are  listed  at  the  end  of  the  list  of  References. 

3.  Temperature  Range.  Range  covered  by  the  data  in  a  given  paper  or  report. 

4.  Reported  Error.  The  author’s  estimated  accuracy  {or  precision). 

5.  Sample  Specification.  This  column  contains  all  pertinent  available  information  about  the  test 
sample.  This  information  consists  of  the  following: 

a.  Commercial  trade  name,  chemical  formula,  etc.,  followed  by  manufacturer’s  name,  if  it  is 
necessary  for  correct  identification. 

b.  Composition  of  the  sample,  expressed  in  weight  percent.  Unless  otherwise  stated,  the  percent 
sign  is  omitted. 

c.  Physical  characteristics  of  the  material,  such  as  a  single  crystal,  polycrystalline,  density,  crystal 
structures,  etc. 

d.  Specimen  designation  by  the  author  is  given  in  brackets  at  the  end  of  the  citation. 

6.  Remarks.  This  column  contains  information  on: 

a.  Special  process  used  in  fabrication  of  the  sample,  such  as  being  sintered,  chill-cast,  etc. 

b.  Sample  history,  such  as  cold-worued,  hot-pressed,  annealed,  etc. 

c.  Conditions  under  which  the  specimen  was  investigated,  environment,  etc. 

d.  Other  pertinent  remarks. 


REFERENCES 

The  section  on  Reference  gives  complete  bibliographic  citations  for  all  the  references  from  which  data 
were  extracted.  They  are  arranged  chronologically  by  year  of  publication,  and  in  arbitary  sequence  within 
any  given  year. 

For  the  preparation  of  the  references,  the  following  order  and  convention  is  used. 

Periodicals 

1.  Authorfs)  name:  Last  name  first,  followed  by  initials. 

2.  Journal  name:  Standard  TPRC  journal  name  abbreviations  are  used. 

3.  Series,  volume,  and  number. 


a.  5f  the  series  is  represented  by  a  letter,  it  is  underlined  together  with  the  volume  number. 

b.  If  the  series  is  represented  by  a  number,  then  only  the  numeral  representing  the  volume  is  under¬ 
lined. 

c.  The  numeral  for  the  issue  number  is  shown  in  parentheses. 

4.  Pages:  Indicate  the  beginning  and  ending  pages. 

Reports 

1.  Authot(s)  name  is  given  in  the  same  form  as  for  periodicals. 

2.  The  name  of  the  responsible  organization,  if  any. 

3.  The  name  of  sponsor. 

4.  Report,  bulletin,  or  circular  designation. 

5.  Number. 

6.  Part. 

7.  Pages  (same  as  for  periodicals). 

8.  AD  and  PB  numbers  or  equivalents. 

Books 

The  bibliographic  citation  for  books  lists:  authorfs).  title,  volume,  edition,  publisher,  and  page(s). 

In  general,  private  communications  are  not  listed  as  references.  However,  if  TPRC  did  obtain  addi¬ 
tional  substantive  information  from  an  author  through  private  communication,  and  if  this  information  was 
used,  the  remark  “additional  data  obtained  from  authors)”  is  added  at  the  end  of  the  reference  citation. 


MATERIAL  INDEX 

The  Material  Index  lists  all  the  materials  included  in  this  work  by  their  proper  trade  or  commercial 
names  arranged  in  alphabetical  order  and,  for  materiais  designated  by  number  codes,  the  listing  is  in  increas¬ 
ing  numerical  order.  Location  of  information  on  a  particular  property  for  a  particular  material  Is  specified 
by  the  volume  number  and  page  numbers  indicated  within  the  appropriate  property  column  of  the  index. 
The  page  number  always  indicates  the  starting  page  of  the  graphs  or  point  value  tables.  Chemical  formulas 
are  given  in  parentheses  following  the  proper  names  of  materials  which  can  be  chemically  identified.  However, 
for  materials  within  a  general  group,  e.g.,  different  oxides  of  cerium,  the  entries  are  only  by  chemical  formulas 
listed  under  the  material  group  designation,  such  as  “cerium  oxides."  Whenever  applicable,  an  effort  is 
made  to  list  commercial  materials  under  their  several  accepted  names.  In  the  case  of  broad  classes  of  materials, 
such  as  steels,  glasses,  etc.,  the  materials  are  listed  under  their  common  names  as  well  as  under  the  heading  of 
their  general  class  when  the  designation  is  merely  a  letter  and  number  code. 

Simplet  inorganic  compounds  (e.g.,  aluminum  oxide,  tantalum  boride)  are  named  according  to  the  con¬ 
vention  given  in  the  Handbook  of  Chemistry  and  Physics  (The  Chemical  Rubber  Co.,  45th  edition,  1964, 
and— if  not  available  there— the  43rd  edition,  1962).  Other  inorganic  compounds  are  generally  named  In 
accordance  with  the  convention  given  in  the  Chemical  Abstracts  by  giving  the  more  electropositive  part  of  the 
name  first  and  the  more  electronegative  part  second.  For  nonferrous  and  ferrous  alloys,  only  the  first,  two 
components  are  listed  and  2SXi  is  added  to  designate  multiple  alloys.  An  exception  is  made,  however,  for 
chromium-nickel  and  nickcl-chromium  ferrous  alloys,  in  which  cases,  all  three  major  constituents  are  listed. 
For  other  i  organic  compounds  and  their  mixtures  and  solutions,  all  components  with  weight  percent 
greater  than .  percent  are  listed.  Finally,  for  cermets,  the  n3me  of  the  ceramic  pan  is  given  first  and  the  meta! 
part  second,  each  in  their  respective  alphabetical  order  regardless  of  their  weight  percentages,  with  the  excep¬ 
tion  of  beryllium  cermet  (e.g.,  Beryllium  YB-9052),  in  "'hich  case  the  name  of  tne  metal  part  is  given  first. 
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CONVERSION  FACTORS 


In  preparing  the  conversion  factors,  the  following  basic  definitions  were  used 

1  in.  =  2.54  cm* 

I  lb.  =  453.59237  g* 

1  caL^  =  4.184  (exactly)  Joule* 
i  cal1T  =  4. 1868  (exactly)  Joule* 

1  Btu!Tlb-1F~!  =  1  caljjg^CT1! 

The  subscripts  "Th"  and  "IT"  denote  "Therm ochemica!" 
and  "International  Steam  Table"  units,  respectively. 


*  NBS  Technical  News  Bulletin,  *7(10).  1963. 

1  Mueller,  E,  F..  and  Rossiai.  F.  D..  Am.J.  Physics,  12(1),  4. 1944. 
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CONVERSION  FACTORS  FOR  UNITS  OF  DENSITY 


I 

in 

*  §n  < 

I  “«  *•  S  H 


lbir»  1.00184  xiO"»  2.02-106  X  10"»  1.60184  x  10  4. 60502 x  10">  5.78704  x  16"* 


MULTIPLY 


oonvort  quuntlUoo  per  Mgramtt  to  Mmol"  biuil#  multiply  eon verm Ion  factor  by  the  molecular  weight  M. 


CONVERSION  FACTORS  FOR  UNITS  OF  THERMAL  CONDUCTIVITY 


lb  In.  "2  S.SWTO  x  10*  6.80460  x  10"a  7.0310xl0"2  5.1710  x  10  2.0360 


. . . . 


BODY  OF  DATA 


NONFERROUS  ALLOYS 


PARTI 

NONFERROUS  BINARY  ALLOYS 

(Sum  of  the  binaiy  constituents  £99. 50  percent 
and  other  constituents  sO.  20  percent  each) 


TPRC 


. . . . mi . . . . . . 


THERMAL  U 


4 


H 


a 

+ 


< 

I 

z 

9 

a> 

Z 

A 

S 

a 

< 

« 

z 

2 


a 

§ 

a 

H 


rp/jc 


14.0 


Temperature,  OK 


TPRC 


T«tu*»r«Sura, 


rime 


CONDUCTIVITY  —  ALUMINUM  +  COPPER 


OOltT 


'N  —  ALUMINUM  f  OOP  I’M!  II 


Toniporaturo,  ’R 


Hemispherical  Total  EaiUaaco 


TPRC 


flKMUIPJIIGRlOAli  TOTAL  EMJTTANCE  --  ALUMINUM  +  MANGANESE 


Temperature,  °R 


NOHMAb TOTAL  KM1TTANCE  —  ALUMINUM  +■  MANCJANL8E 


1000 


Temperature.  OR 


ELECTRICAL  RESISTIVITY  ~  ALUMINUM  +  SILVER 


THBUMALOONDUOrtVirv  »»  ALUMINUM  +  UltAMlUM  (aonllmuHl) 


T1WHMAL  UNKAU  I*  X  PAM  SION  -  AI.UMINUM  +  UltANHJM 


PROPERTIES  OF  BARIUM  +  STRONTIUM 


REPORTED  VALUES 


Melting  Points 

K 

R 

O  0.4  Sr 

883 

1770 

Heat  of  Fusion: 

cal  g"1 

Btu  lb'1 

□  0.4  Si 

13.3 ±  0.6 

24.0  ±1 

PROPERTIES  OF  BARIUM  +  STRONTIUM 


PROPERTIES  O*  BERYLLIUM  4-  ALUMINUM 


REPOSTED  VALUES 


Density: 

g  cm  3 

lb  ft”' 

0 

0.21  Ai 

1.73 

108 

□ 

0.21  Al 

1.80 

112 

PROPERTIES  OP  BERYLLIUM  b ALUMINUM 


dp  oc 

i§  a 


2  S 


pj  o 


Temperature 


CONDUCTIVITY  -  BERYLLIUM  +  ALUMINUM 


Temperature 


THERMAL  Dlf'FUKlVXTY  -  BERYLLIUM  +  ALUMINUM 


07  Ho  and  33  A).;  ckmtiity  2. 00  «  cm 


T«tnwr»lut«,  °R 


TPRC 


N0I1MAL  TOTAL  BMITTANCK  —  BERYLLIUM  ALUMINUM 


NORMAL  TOTAL  GMirrANOlS  -  BEHYLUUM  4  ALUMINUM 


PROPERTIES  OF  BORON  +  IRON 


REPORTED  VALUES 


Heat  of  Sublimation: 


cal  g"1 


A  1.0  Fe 
O  1.0  Fe 


13020 ±  180 
12800  -fc  400* 


* 


Most  probable  value  for  alloys  of  this  composition. 


Btu  lb-1 

23440  ±330 
23100  ±800* 


PROPERTIES  OF  BORON  +•  IRON 


VAPOR  PRESSURE  -  BORON  +  IRON 


VAPOR  PRESSURE  —  BORON  +•  Hi  ON 


to 

•  9 

»  ■= 

9  5  * 

a  2} 

2  ®  f 

^  §  2 

•£  «  i* 

cs  a  U 

v  f~  *) 


sx  S. 


O  Q  O  u 

rt  r?  «  c? 


fc.  1  - 


C3 

C2 

wi 

5> 

t- 

t» 

i 

t- 

to 

Ii3 

< 

£> 

0 

o 

.IJBJSKteOX 


ESiSTIVITY  -  BORON  *•  SILICON 


PROPERTIES  OF  CADMIUM  ->  SILVER 


REPORTED  VALUES 

Melting  Points 

K 

R 

O  31.6  Ag 

S65 

1553 

Heat  of  Fusion: 

cal  g'1 

Bta  lb-1 

Sample  Spocifleatlona  Remarks 


CAJXrjM  +  MAGNESIUM 


Temperature,  OR 


RESISTIVITY  —  CALCIUM  MAGNESIUM 


ELECTRICAL  RESISTIVITY  —  CALCIUM  MAGNESIUM 


>1 


Temperature 


THERMAL  LINEAR  EXPANSION  —  CERIUM  +  NEODYMIUM 


THERMAL  LINEAR  EXPANSION  —  CERIUM  +  NEODYMIUM 


PROPERTIES  OF  CHROMIUM  +IROK 


REPORTED  VALUES 

Point: 

.3  Fe 


K 

2176 


R 


3917 


PROPERTIES  OP  CHROMIUM  +  IRON 


Temperature,  °R 


RESISTIVITY  —  CHROMIUM  +■  IRON 


KLKCTMCAL  RESISTIVITY  —  CHUOMIUM  +  IRON 


THERMAL  LINEAR  EXPANSION  —  CHROMIUM 


ntKKMAL  IJNKAH  EXPANSION  —  CITHOMIUM  MOLYIMEr'M 


"|m^ . . . him . .  n*iiiini|iiiiiii||!  HlUflflJfllir  iiiiiijHiM.iw..,,,,,,,,,, 


Ho  ‘tjtnnuwfcnoj, 


THERMAL  UNEAR  EXPANSION  —  CHROMIUM  +  NICKEL 


THERMAL  LINEAR  EXPANSION  —  CHROMIUM  +  NICKEI 


PROPERTI  ES  OF  CHROMI UM  +  SILICON 


REPORTED  VALUES 


‘Density; 

g  cm-5 

ib  ff 

O 

0.29  Si 

7.07 

441 

a 

0.53  Si 

6. 86 

428 

TOOf' 


PROPERTIES  OF  CHROMIUM  TUI'iGSTEN 


Density: 

O  30  W 


REPORTED  VALUES 

g  cm-3  lb  ft”3 

8.68  542 


PROPERTIES  OF  CHROMIUM  +  TUNGSTEN 


Temperature, 


THERMAL  LINEAR  EXPANSION  —  CHROMIUM  +  TUNGSTEN 


TfUCAl,  RKSISTlVITv  CO  BA  I, 


PROPERTIES  OF  COBALT  4-  IRON 


Heat  of  Sublimation 
O  0.2  Fe 


REPORTED  VALUES 


cal  g~s 


Btu  lb-i 


1616 

14O0K 


2910. 


2500  R 


PHOPBRTLES  OPCOIWmT  4  I  HON 


mperature,  «R 


iECTHICAL  RESISTIVITY  -  <■  OBALT  +  IRON 


ELECTRICAL  RESISTIVITY  —  COBALT  +  IRON 


Temperature,  or 


J-IpJ. 
!  “ 


I _R I J  'lean  Ojjjoadg 


TBRC 


SPECIFIC  HEAT  —  COBAI. 


lyiinwMM'  uLu^iw,' 


Tempera  tui 


NORMAL  S: 


NORMAL  SPECTRAL  EMIT  TAKCE  —  COBALT  +  IRON 


t 


TPRC 


VAPOR  PRESSURE  —  COBALT  IRON 


X 

a  — 

**  rf 

«  s? 

a  a 

©  ^ 


. . f."i;"!iil!;«prl  "ills 


£iisij=a 


^TIWISH'iwim . . . ipuwiwpier. 


H0  ‘SJUtKIOdUIOX 


Temperature,  °K 


NORMAL  SPECTRAL  EMM’TANCE  —  COBALT  t-  NJCKEl 


Temperature 


VAPOR  PRESSURE  —  COBALT  +  NICKEL 


VAPOR  PRESSURE  —  COBAl.T  4-  N1CKE1 


il  EXPANSION  —  COBALT  +  VANADIUM 


PROPERTIES  OF  COPPER  +  ALUMINUM 


REPORTED  VALUES 


PROPERTIES  OF  COPPER  ALUMINUM 


Tempnrikturw 


V1TV  ...  COl'l'KH  »  ALUMINUM 


EL.KCTRICAL  RESI8TIV1TV  —  COPPER  ALUMINUM 
( In  y?  plm«o) 


Temperature 


300 


SPECIFIC  HEAT  —  COPPER  +  ALUMINUM 


Temperature 


THERMAL  CONDUCTIVITY  —  COPPER  4  ALUMINUM 


THERMAL  CONDUCTIVITY  —  COPPER  +  ALUMINUM 


Temperature 


THERMAL  LINEAR  EXPANSION  —  COPPER  +  ALUMINUM 


rcrnawmv  +  aawoo  —  woiswwx:*  uvstNn  ivmiaiu 


j,j !(,,  \w w>|i|  miiihi/  iKiii Th'Iii  kihkii^  . . 


Tomporntur#,  on 


EAT  —  COP  PEE  +  DEJtVI. 


SPECIFIC  HEAT  —  COPPER  +  BERYLLIUM 


Sitmplo  typookfloaMonia 


Temperature 


THERMAL  CONDUCTIVITY  —  COPPER  +  CHROMIUM 


THERMAL  CONDUCTIVITY  —  COPPER  +  CHROMIUM 


Temperature,  or 


l-JM  i-tHD  |_D9g  JK>  *^JJA|^OttpUOJ3  |fflU91^ 


TPRC 


THERMAL  CONDUCTIVITY  -  COPPER  r  COBALT 


THERMAL  CONDUCTIVITY  —  COPPER  +  COBALT 


iECTBICAL  RESISTIVITY  —  COPPER  +  IRON 


EECTRICAL  RESISTIVITY  —  COPPER  +  IRON 


mporaturo,  or 


IRON 


Timp*r*tur»,  or 


THERMAL  CONDUCTIVITY  —  COi>I>BR  +  IRON 


PROPERTIES  OF  COPPER  +LEAD 


REPORTED  VALUES 


Density: 

g  cm-* 

lb  IT* 

O  iOPb 

9.i3 

570 

O  20  T^b 

9.33 

5*2 

A  30  Pb 

9.54 

595 

V  4u  Pb 

9.76 

609 

O  50  Pb 

io.o 

624 

THERMAL  UNEAR  EXPANSION  --  COPPER  +  LEAD 


THERMAL  LINEAR  EXPANSION  --  COPPER  +■  LEAD 


ELECTRICAL  RESISTIVITY  —  COPPER  4-  MANGANESE 


TPRC 


SPECIFIC  HEAT  —  COPPER  V  MANGANESE 


SPECIFIC  HEAT  —  COPPEI*  +  MANGANESE 


Temperature,  or 


,01  r  too  unjo  'XjiAijsjsajj  jroirjjajg 


TPRC 


ELECTRICAL  RESISTIVITY  —  COPPER  +  NICKEL 


ELECTRICAL  RESISTIVITY  —  COPPER  +  NICHE  I 


Tntnporature,  or 


TPRC 


SPECIFIC  HEAT  —  COPPER  4  NICKEL 


Temperature,  OR 
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PROPERTIES  OF  COPPER  TITANIUM 
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36.3  Cd 

■■s  £  —  0  * 

iv*  —  V*  V 

24. 9  i  1, 

I 

i 

i 


' PEC 


Temperature,  °R 


ELECTRICAL  RESISTIVITY  —  COLE  •‘■CADMIUM 


ELECTRICAL  RESISTIVITY  —  GOLD+ CADMIUM 


1 

g 

2? 

CD 

w 

2 

§ 

2 

O 

a 

£ 

C3 

H 

25 

> 

C/3 

CC 

c 

a  *5* 
o 


I  g 

I  £  Sj  fi 

I  3>  S  04 


3  4 


>£  o 

rn1*4 


Tomporaturts 


VAPOR  PRESSURE  ~  GOLD  +  CADMIUM 


Temperature,  or 


iECTHICAJu  RESISTIVITY  -  GO LD  +  COBALT 


ELECTItJCAL  KESISTJrVITV  —  GOLD  +  CODAI/l 


Jj  M  2 


2  2  2  2 

d  d  d  d 

»  35  X  35 

as  d  'z  rf 

«  a  &  © 

£  E  2  £ 

d  d  si  d 

35  X  95  X 

o  o  o  o 

o  u  o  o 

o  20  O  ao 

o  cs  o  ce 

?1  K  ^ 

1111 


O  »  — 

c-  ^  *o 


I1KAT  --  GOLD  f  COPPER 


PROPERTIES 


pcrature, 


ELECTRICAL  RESISTIVITY  —  GOLD  MANGANESE 


WW:i  isiii^tmiiii: 
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THERMAL  LINEAR  EXPANSSON  ~  MANGANESE  +  NICKEL 
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THERMAL  LINEAR  EXPANSION  —  TITANIUM  +■  CHROMIUM 


TemporaUira,  «K 


iiectrical  Resistivity,  ohiti  cik  x  20* 


503 


ISISTIVITY  -  TtTANTUM  I  COPPER 


Temperature 


THERMAL  UNEAR  EXPANSION  —  TITANIUM  +  COPPER 


#turo,  an 


ELECTRICAL  RESISTIVITY  —  TITANIUM  +  GERMANIUM 


O  □ 


Temperature 


THERMAL  LINEAR  EXPANSION  —  TITANIUM  +  GERMANIUM 


Temperature,  OR 


iINEAR  EXPANSION  —  TITANIUM 


THERMAL  UNBAR  EXPANSION  —  TITAN i O'M  +  IRON 


Titanium,  oorcant 


Lmmmwmwwk* . .  mmMmm'v&i'fvm 


Tomporuturtt 


Tffttifwrftture 


l  MO 


THERMAL  DIFFUSIVtTST  —  TITANIUM  +  MANGANESE 


Temperature 


HERMAL  LINEAR  EXPANSION  —  TITANIUM  +  MANGANESE 


H©  '{unjwoduioi 


HEMISPHERICAL  TOTAL  EMJTTANCE  —  TITANIUM  4  MANGANESE 


TomfwrAturo 


NORMAL  TOTAL  KMITTANCB  —  TITANIUM  +  MANOANJSi 


NORMAL  8PSCTBAL-EMITTANOB  -'TITANIUM  MANOANK 


Wavelength,  microns 


NORMAL  SPECTRAL  REFLECTANCE  -  TITANIUM  +■  MANGANESE 


HNS*. 


Temperature,  or 


THERMAL  LlhnAR  EXPANSION  —  TITANIUM  +  MOLYBDENUM 


THERMAL  LINEAR  EXPANSION  —  TITANIUM  +  NICKEL 


ttSTIVITY  -  TITANIUM*  NIOBIUM 


. . . uni,, 


THERMAL  UNEAR  EXPANSION  —  TITANIUM  +  NIOHIUM 


TIIJS IIMAI.I  LI  NT  AH  KX PAN8I0N  —  TITANIUM 


DENSITY  —  TITANIUM  + TANTALUM 


Temperature,  or 


THERMAL  CONDUCTIVITY  —  TITANIUM 


j-BZS  2  ‘jEJISCSQ 


Titanium,  percent 


DENSITY  —  TITANIUM  +■  VANADIUM 


Ho  40Jirn«4»<lui«x 


WfHNVJUX  NOBNWKI  HV3NH  '1VNHHHX 


Temperature,  or 


ELECTRICAL  RESISTIVITY  —  TITANIUM  +  ZIRCONIUM 


Temperature,  °R 


THERMAL  LINEAR  EXPANSION  —  TITANIUM  +  ZIRCONIUM 


Temperature 


Therm*!  Linear  Expanekm,  percent 


C5  « 

H  *4 


ft  ft 

o  o 


■  J 

■“  ~ 

- 

L 

La 

■  M 

!  i 

_ !_t 

. 

_ 

. 

: 

.  » 

J 

! 

mm 

i 

j 

im 

1 HB 

HI 

!  t  -  i 


n: 

I 


io  ; 

-lo  J - j- 

rLL 


i  I 


!  -  i 


THERMAL  UNEAR  EXPANSION  —  TUNGSTEN  +  COBALT 


. . . . < . . 


S“  © 

**  _» 

2  i  i 

c;  x  « 

ti  s  s 

w  4-»  JS 

a?  « 


5  g  £ 

s  f  a 

£  5  5 

•o  o  c 

2  H  ^ 


c  g  s 

l*  **  r- 

S  2  t 

Jl4 


o 


Temperature,  or, 


Thermal  Linear  Expenaioa,  percent 


56? 


THERMAL  U NEAR  EXPANSION  —  TUNGSTEN  +  COPPER 
(.Mixture#,,  not  alloy) 


THERMAL  LINEAR  EXPANSION  —  TUNGSTEN  4 COPPER 


Temperature 


H  E  MIS  PH  EIUC  A  L  TOTAL  EMITTANCE  —  TUNGSTEN  MOL1TUDENUM 


. . 


Torapomtu 


Temperature 


NORMAL  SPECTRAL  EM5TTANCE  -  TUNGSTEN  +  MOLYBDENUM 


NORMAL  SPECTRAL  2M1TTANCE  —  TUNGSTEN  +  MOLYBDENUM 


S  -a  “2 
m  3  «4 


g  w 
5  t  a 
*8  -S  § 

I  1* 

b! 

„  a  a 

S  «  s 
o  33  o 
*  ^  & 

^  h  2 

EO  ^3 

J  b 

o  <u  *c 
fe 


TPRC 


PROPERTIES  OF  TUNGSTEN  +  NIOBIUM 


REPORTED  VALUES 


Melting  Points 

K 

R 

O  <?o  W  and  20  Nb 

3488 

6278 

D  .  o  W  and  30  Nb 

3293 

5928 

A  60  W  and  40  Nb 

3223 

5802 

V  50  W  and  50  Nb 

3148 

5667 

Electrical  Resistivity,  ohm  cm  x  10^ 


M 

t- 

XX 

\ 

1  ; - 

i  i 

>  — 

I 

_ 

;  i 

• — f- — 

rt~ 

O 

; 

j 

!  I 

_J 

_ 

— 

1 — 4 

_ 

\ 

i 

U 

— - 

— 

— 

- - 

! 

_ 

f  *" 

| 

I 

\ 

r_ 

1 

i  \ 

r 

1 1 

_____ 

!  - 

v 

i  ' 

» 

] 

n\ 

; 

” 

| - ; 

j 

\ 

> 

> 

f  - 

Nj 

? 

- 

— i — r 

|  £ 

~n 

> 

» 

— 

— . 

i 

- 

-  'i 
: 

1 

~1 
_ 1 

.  s  i 

-4-4 

XI 

J  g  - 

;  o 


Sg— |g 

~J_]s 


L  £  g~ 
|~ 

§-1  §— 
n  -4  om —  c 

r,  Wfl  a 

r*  _  -\ 

•C  _ 

[  «  ^ 


\  £ 

r~j  * 

- - 

J  — 

1  ; 

! 

ET 

-  j 

i 

■iX,  ; 

j 

M  i  £ 

sir 


ELECTRICAL  RESISTIVITY  —  TUNGSTEN  +  RHENIUM 
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Thermal  Linear  Expansion,  percent 
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Temperature,  or 


EXPANSION  --  UIIANIUM  +  ZIRCONIUM 


Tomperaturc,  »K 

THERMAL  UNBAR  EXPANSION  —  URANIUM  +  ZIRCONIUM 
( 18.  6  Zr) 
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Temperature 


Thera*!  linear  Exparalos,  percent 
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THERMAL  LINEAR  EXPANSION  —  VANADIUM  +  TITANIUM 


Tttmpornturo 


THERMAL  UNBAR  EXPANSION  —  YTTERBIUM  f  CALCIUM 


THERMAL  LINEAR  EXPANSION  —  YTTERBIUM  +  CALCIUM 
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LECTRICAL.  RESISTIVITY  —  YTTRIUM  +  TERBIUM 
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VAPOR  ratSflURE  —  ZINC  4  ZIRCONIUM 
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THERMAL  CONDUCTIVITY •  -  ZIRCONIUM  +  ALUMINUM 


PROPERTIES  OP  ZIRCONIUM  4  BORON 


REPORTED  VALUES 


Density; 

g  cm-5 

lb  ft'- 

O 

0.44  B 

6.5055 

406.13 

□ 

0.78  B 

3.4940 

405,41 

A 

1.21  B 

6.4796 

404.51 

PROPERTIES  OF  ZIRCONIUM  *  HAFNIUM 


REPORTED  VALUES 


Bcasityi 

g  ca*s 

lb  ft'1 

Q 

2.4  HI 

6.565 

409.3 

A 

2.4  Hf;  annealed 

6.566 

409.  S 

V 

0.2  Hf 

6.43 

405 

Heat  of  Sublimation: 

cal  g~‘ 

Btu  lb~J 

O 

1.92  Hf 

155Si3.80K 

2805  i€.9i 

. . 


ELECTRICAL  RESISTIVITY  —  ZIRCONIUM  +  HAFNIUM 
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THERMAL  LINEAR.  EXPANSION  —  ZIRCONIUM  +  HAFNIUM 
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SPEOn  iC  HEAT  —  ZIRCONIUM  +•  INDIUM 


ELECTRICAL  RESISTIVITY  —  ZIRCONIUM  +  MOLYBDENUM 


. . mu . . . 


DLKCTRICAL«E«ISTIVlXy  —  ZIRCONIUM  +■  NIOBIUM 
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1200 


Temperature 


THERMAL  CONDUCTIVITY  —  ZIRCONIUM  +NIOBIUM 


Temperature 


Specific  Heat,  Btu  fl>~ 1  ir 1 
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SPECIFIC  HEAT  —  ZIRCONIUM  +•  SILVER 
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THERMAL  LINEAR  EXPANSION  -  -  ZIRCONIUM  +  THORIUM 


THERMAL  UNBAR  EXPANSION  —  ZIRCONIUM  +  THORIUM 


PROPERTIES  OF  ZIRCONIUM  +.TIN 


REPORTED  VALUES 


Density: 

g  cm"5 

lb  ft-3 

O 

1.36  Sn 

6.4789 

404.46 

O 

1.40  Sn 

6.5399 

408.27 

A 

1.46  Sn 

6.4880 

405.03 

V 

1.54  Sn 

6.5164 

406.81 

O 

1.38  Sn 

6.4789 

405.66 

. . . . . .  ii  i 
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ELECTRICAL  RESISTIVITY  —  ZIRCONIUM  +  TIN  (continued) 


Temperature,  or 


TPRC 


SPECIFIC  HEAT  —  ZIRCONIUM 


Temperature 


THERMAL  CONDUCTIVITY  —  ZIRCONIUM 


THERMAL  CONDUCTIVITY  -  ZIRCONIUM  »■  TIN 


Temperature,  °R 


THERMAL  LINEAR  EXPANSION  —  ZIRCONIUM  +  TIN 
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Temperature 


HEMIS PH EHICAl,  TOTAL  EMITTANCE  -  ZIUCOMUM 


TPRC 


W(>  'oantuoduiax 


NORMAL  TOTAL  BMTITAUOE  -  ZIHCONIUM  H-  TIN 


NORMAL  TOTAL  EMITTANCL  —  ZIRCONIUM 


-  H  iMtmrmti  I!  tun  i  n  immuc  I  UCEIl!  1 1  tfJi /!'  iniifli:  .tMlIIIIIHiiiu 


6  '0 


»  t- 

c>  © 


© 

© 


ooue«ji«3  papods  i^nuov; 

TPRC 


NORMAL  SPECTRAL  EMITTANCE  —  ZIRCONIUM 


Temperature,  or 


SPEGinc  HEAT  —  ZIRCONIUM  + TITANIUM 


DENSITY  —  ZIRCONIUM  URANIUM 


Tempornturo, 


ELECTRICAL  RESISTIVITY  —  ZIRCONIUM  +  URANIUM 


Temperature*  uR 
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THERMAL  CONDUCTIVITY  —  'iIRCONIUM  +  URANIUM 
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THERMAL  LINEAR  EXPANSKW  —  ZIRCONIUM  + URANIUM 


